Abstract: Phytoplankton experience multiple, simultaneous and interacting changes in their environment, which affect primary production, community composition and biogeochemical cycles. Many environmental fluctuations occur on short timescales, requiring plastic phenotypes for appropriate physiological responses. Although there is evidence for high phenotypic plasticity in phytoplankton, the underlying mechanisms and their role for evolutionary responses remain elusive but are essential for predicting how phytoplankton respond to climate change. Elucidating the molecular basis of sensing environmental changes and subsequent regulation of plasticity including epigenetics will provide new insights into reaction norms and therefore how species tolerate, persist and eventually adapt to changing environmental conditions. Quantifying the role of phenotypic plasticity in phytoplankton for adaptation is an increasingly important field of research in experimental evolution.
Introduction
Experimental evolution (EE) approaches are increasingly used to investigate evolutionary processes of organisms to controlled experimental conditions and can be applied to study several facets of adaptation and evolution (e.g. estimate mutation rates or evaluate evolutionary theories and concepts) (Kawecki et al. 2012) . Examples of EE experiments include studies on organisms ranging all three domains of life: Bacteria, Archaea and Eukaryota (e.g. Chlamydomonas reinhardtii); (e.g. Bell 1997; Ratcliff et al. 2013; Collins & De Meaux 2009; Perrineau et al. 2013) , Escherichia coli (e.g. Plucain et al. 2014; Lenski et al. 1991; Blount et al. 2012) , Saccharomyces cerevisiae (e.g. Lewis et al. 1995; Dhar et al. 2011; Ratcliff et al. 2012) , Arabidopsis thaliana (e.g. Bond & Baulcombe 2015; Rahavi 2011; Blödner et al. 2007) and Drosophila melanogaster (e.g. Azevedo et al. 2015; Burke et al. 2010) shading light on the general processes but also specific outcomes of evolution. More recently, researchers have started to use EE approaches to provide insight into phytoplankton responses to climate change.
Marine phytoplankton contributes about 50% of annual global carbon fixation and form the basis of most marine food webs (Falkowski et al. 2008; Field 1998) . Furthermore, major functional groups of phytoplankton play important roles in elemental cycles as carbon fixers, nitrogen fixers, calcifyers and silicifyers (Tréguer et al. 1995) . Under current climate change, phytoplankton experience multiple, simultaneous and interacting changes (Boyd et al. 2015) in their environment, which affect primary production, community composition and biogeochemical cycles. How phytoplankton respond to climate change depends on their phenotypic plasticity (the ability of a single genotype to produce multiple phenotypes) and adaptation (via novel genetic changes) of organisms within populations which ultimately results in species sorting that affects the composition of the phytoplankton community (Fig. 1) . Quantifying the role each response plays in phytoplankton adaptation to climate change is an increasingly important field of research in experimental evolution.
The ability of phytoplankton to respond to climate change on the level of an individual cell can be largely considered by taking into account their genetic repertoire that underpins the initial response to a change in environmental conditions and therefore the degree of phenotypic plasticity. Larger genomes contain a higher diversity and redundancy of genes and therefore enable the expression of multiple phenotypes from a single genotype (high phenotypic diversity)
